Methylamine (MA) is a reagent used in the synthe sis of medicines, insecticides, fungicide, dyes, and rocket fuels [1]. The methylammonium cation forms salts with anions of various organic acids. Structurally characterized methylammonium compounds are chloride [2], dicitratoborate [3] , bromide [4] , trimo lybdate hydrate [5] , nitrate [6] , perchlorate [7] , and hexafluorosilicate [8] . Methylammonium sulfate is a commercial product (CAS 33689 83 7), though its crystal structure has not been yet studied. Vilminot et al. [9] only give crystallographic parameters for this compound assigned to space group P2 1 /c.
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Here we describe the results of structural and spec troscopicl characterization of methylammonium sul fate (CH 3 NH 3 ) 2 SO 4 isolated as a product of the reac tion between sulfur(IV) oxide and aqueous MA in the presence of air oxygen.
EXPERIMENTAL

Synthesis of methylammonium sulfate (I).
A tem perature controlled cell was poured with 40% aqueous MA (20 mL), through which gaseous SO 2 was passed at 0°С at a flow rate of 50 mL/min to adjust pH < 1.0. The resulting yellow oil like product was allowed to stand at T < 15°С in air until water evaporated. Sepa rated colorless crystalline product I (15.43 g; yield, 83.4%) is converted into an ionic liquid at temperature above 20°С.
The nitrogen, carbon, and hydrogen were deter mined on an elemental CHN analyzer, and the sulfur was estimated by the Schöniger method [10] . IR spec tra were recorded on a Perkin Elmer Spectrum BX II FT IR System spectrometer (range: 4000-650 cm -1 ; samples in a BaF 2 liquid cell); electron impact (EI) mass spectra were taken on an MX 1321 mass spec trometer (direct injection of a sample into the source; energy of ionizing electrons, 70 eV).
X ray diffraction analysis was performed on an Oxford Diffraction Xcalibur 3 diffractometer (MoK α , graphite monochromator, Sapphire 3 CCD detector). The structure was solved and refined using the SHELX 97 software suite [11] . Hydrogen atoms were found from a difference Fourier synthesis and refined in the isotropic approximation with overall thermal correction.
Selected crystallographic data and refinement details for the structure of compound I are the follow ing: C 2 H 12 N 2 O 4 S, monoclinic, M r = 160.20, space group P 2 1 /c, a = 13.1442 + (m/z = 30, I = 100%). The characteris tic of MA fragmentation products in the mass spec trum of compound I and the tabular MA mass spec trum [12] are in good agreement. The mass spectrum of compound I shows the defragmentation [13] typical of 1 n alkylamines with the formation of the [CH 2 =NH 2 ] + ion, whose peak has a maximum inten sity.
The structure of compound I was established by X ray diffraction. The atomic coordinates and equiva lent thermal corrections in the structure of com pound I are listed in Table 1 . The numbering of atoms and the ellipsoids of thermal vibrations in the indepen dent cell part are shown in Fig. 1 . Bond lengths and bond angles formed by non hydrogen atoms in the structure are listed in Table 2 . As can be seen from Fig. 1 , the inde pendent cell part contains four cations and two ions. The packing of these basic units in the crystal structure gives rise to hydrogen bonds, whose characteristics are given in Table 3 . All the hydrogen atoms of ammonium groups participate in hydrogen bonds with the oxygen atoms of sulfate ions. Each ammonium group of the N 1 , N 2 , N 3 , and N 4 atoms forms hydrogen bonds with the three closest sulfate ions, and one of the bonds formed by the ammonium group of the N 3 atom is forklike (Table 3 ). The net work of hydrogen bonds observed in the structure of compound I is three dimensional, as can be seen from Fig. 2 .
The results of analyzing the IR spectrum of com pound I are given in Table 4 . The methylammonium vibrations were assigned using data from [14] [15] [16] [17] [18] . The broad band in the IR spectrum with three pronounced maxima in the region of 3380-3000 cm -1 is produced by the ν(NH 3 + ) vibrations of the methylammonium cation. The complex band with maxima at 2597, 2506, 2360, and 2342 cm -1 seems to also arise from ν( ) vibrations (3000-2000 cm -1 ). The frequency range of 1600-1460 cm -1 features two intense bands at 1635 and 1521 cm -1 , which seem to belong to the scissoring vibrations of typical for this region. The twisting vibrations of ammonium groups τ( ) were identified in the form of low intense bands at 1276 and 1239 cm -1 . (4) 9608 (1) 2405 (2) 3579 (1) 63(1) O (5) 4589 (1) 1893 (2) 3897 (1) 63(1) O (6) 6229 (1) 2024 (2) 3531 (1) 62(1) O (7) 5436 (1) 4257 (2) 3890 (1) 79 (1) O (8) 6329 (1) 2494 (2) 5288 (1) 65(1) N (1) 11199 (1) 4287 (2) 6754 (1) 43 (1) N(2) 8470 (1) 1211 (2) 4823 (1) 44(1) N (3) 6929 (1) -581(2) 1141 (1) 45(1) N (4) 5156 (1) 1291 (2) 6475 (1) 50(1) C (1) 12297 (2) 4963 (3) 7028 (2) 61(1) C (2) 8902 (2) 1791 (2) 5926 (2) 53(1) C (3) 7482 (2) 29 (3) 2208 (2) 61(1) C (4) 4018 (2) 1873 (3) 6083 (2) 61(1) H(1A) 11123 (16) 3850 (20) 7316 (17) 72(1) H(1B) 10685 (16) 4990 (20) 6499 (16) (17) 5300 (20) 6398 (17) 72(1) H(1E) 12836 (17) 4280 (20) 7440 (17) 72(1) H(1F) 12397 (17) 5700 (30) 7451 (17) 3564 (17) 1510 ( observed in the IR spectrum of compound I in its rel atively "opened" part in the form of a high intense band (at 668 cm -1 ).
Hence, the reaction in SО 2 -CH 3 NH 2 -H 2 O-O 2 solutions produces methylammonium sulfate (CH 3 NH 3 ) 2 SO 4 , whose three dimensional structure is stabilized by a network of NH⋅⋅⋅O hydrogen bonds
C (3) C (4) N (4) O (5) O (7) O (6) S (2) O (8) N (2) C (2) O (4) O (2) S (1) O (1) O (3) N (1) C(1) Fig. 1 . Numbering of atoms and the ellipsoids of thermal vibrations in the structure of compound I (50 % probability). KHOMA et al. with the participation of all the hydrogen atoms of the "onium" cation. 
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